
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




@ Publication number : 0 685 756 A2 

EUROPEAN PATENT APPLICATION 



(21) Application number: 95108260.1 

(22) Date of filing ; 30.05.95 



@ Int. ci.^: G02F 1/1343, G02F 1/136 



@ Prionty : 31.05.94 JP 118828/94 
02.12.94 JP 299595/94 

22.12.94 JP 320277/94 

30.01.95 JP 12138/95 

@ Date of publication of application : 
06.12.95 Bulletin 95/49 

@i Designated Contracting States : 
DE FR GB 

@ Applicant : Matsushita Electric Industrial Co., 
Ltd. 

1006-banchi, Oaza Kadoma 
Kadoma-shi, Osaka 571 (JP) 



@) Inventor : Uno, Mitsuhiro 
6-6-302, Narita-cho 
Neyagawa-shi, Osaka 572 (JP) 
Inventor : Takubo, Yoneharu 
2-21-10, Miyayama-cho 
Toyonaka-shi, Osaka 560 (JP) 
Inventor : Kumagawa, Katsuhiko 

9- 14-302, Midorinnachi 
Neyagawa-shi, Osaka 572 (JP) 
Inventor : Asada, Satoshi 
14-13, ShimokamkJa-cho 
Neyagawa-shi, Osaka 572 (JP) 
Inventor : Takada, Naomi 

10- 8, Bo-cho, 
Fukakusa, 
Fushimi-ku 

Kyoto-shi, Kyoto 612 (JP) 

@l Representative : VOSSIUS & PARTNER 
Siebertstrasse 4 
D-81675 Munchen (DE) 



Liquid crystal display unit with a plurality of subpixels. 

(|7) A liquid crystal display unit including a 
plurality of subpixels (21a, 21b) in each pixel 
(21) provides superior gradation over a wide 
viewing angle, and is produced with no increase 
in nnanufactuhng cost and no deterioration of 
desired properties (such as reduction in t)right- 
ness, contrast and response). No additional 
manufacturing step is required since a control 
capacitor electrode (8c) is formed at the same 
time as source and drain electrodes (8a, 8b) 
constituting a thin-film transistor (24). By con- 
trolling the ratio of display area and the differ- 
ence in applied voltage of the subpixels (21a, 
21b), preferable viewing angle properties are 
obtained. The display properties at the bound- 
ary of subpixels are improved by controlling the 
gap width and the direction of boundary of the 
subpixels (25), thus providing a bright display. ' 
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This invention relates to a liquid crystal display 
unit in which each pixel is subdivided into a plurality 
of subpixels, and voltage applied to a liquid crystal 
layer of each subpixel is different from that of other 
subpixels, thus achieving a preferable gradation dis- 
play over a wide viewing angle. 

A conventional example of a liquid crystal display 
unit in which each pixel includes subpixels is dis- 
closed in U.S. Pat. No. 4,840,460 (first conventional 
example). Fig. 11 (a) shows an equivalent circuit of 
the example. In the figure, 101 and 102 are gate wir- 
ings; 103 and 104 are source wirings; 105 is a thin- 
film transistor (TFT); and 1 06 is a common electrode. 
A pixel at the intersection of gate wiring 101 and 
source wiring 103 is indicated in the equivalent circuit. 
One pixel is divided into three subpixels. Control ca- 
pacitors Cci, Cc2 and Cc3 are coupled in series with ef- 
fective capacitors Cui, Clc2 and Clc3 respectively, 
voltage applied to a liquid crystal layer of each sub- 
pixel element is determined by the ratio between the 
capacitance of effective capacitor Clci and that of 
control capacitor Ci (where i=1 , 2 and 3), when selec- 
tion signals are provided to gate wiring 1 01 to turn on 
TFT 1 05 and voltage V is provided from source termi- 
nal 103. In other words, since this liquid crystal dis- 
play unit includes subpixels with different operating 
voltage levels and displays by controlling the capac- 
itance of the control capacitors of the subpixels, view- 
ing angle properties are improved. 

In the above-mentioned U.S. patent document, a 
specific structure for a subpixel using a divided sub- 
pixel electrode and control capacitor electrode is dis- 
closed. Fig. 11 (b) is a cross-sectional view of the sub- 
pixel element in which a subpixel electrode 113 Is div- 
ided into three sections and a control capacitor is 
formed by sandwiching an insulating film 114 be- 
tween the subpixsel electrode and a control capacitor 
electrode 115. The capacitance of the control capac- 
itor is controlled at a preferable level by varying the 
area of control capacitor electrode 115 at each sub- 
pixel. The control capacitor electrode is coupled to 
the drain electrode ofTFT by a terminal 116. Referring 
to the figure, 112 indicates a liquid crystal layer, form- 
ing an effective capacitor between each section of 
subpixel electrode 113 and a common electrode 111. 
The U.S. patent document also discloses a subpixel 
element in which a pixel electrode is not divided and 
an insulating film, having a thickness and a dielectric 
constant associated with one subpixel different from 
those associated with other subpixels. is formed be- 
' <veen :he pixe! electrode and a liquid crystal layer sc 
as to act as a control capacitor However, in this struc- 
cure, the area of the control capacitor is controlled by 
the area of the subpixel. so that ii is reaiisticaliy diffi- 
cult to set the capacitance of the control capacitor at 
a preferable level. Since the structure shown in Fig. 
11 (b) can be designed more freely than the structure 
having an undivided pixel electrode, the former is 



more preferable than the latter. 

However, several problems regarding the struc- 
ture shown in Fig. 11 (b) have been found. First, in or- 
der to achieve this structure, control capacitor elec- 

5 trode 115 and insulating film 114 have to be addition- 
ally formed, thus increasing manufacturing cost. In 
addition, by utilizing white and black gradations that 
are independent of viewing angle, a plurality of sub- 
pixels of one pixel is activated at these gradations, 

10 and a gradation display (gray scale display) that is in- 
dependent of viewing angle is provided by the number 
of subpixels displaying white or black gradations, so 
that the number of subpixels has to be increased with 
the addition of gradation to a display. As a result, the 

15 driving voltage increases. The third problem of the liq- 
uid crystal unit having a subdivided pixel electrode in 
each subpixel element is that sections formed with no 
electrodes - such as gaps between subpixels - in- 
crease, thus reducing the pixel display area and low- 

20 ering the brightness of a display screen, lowering con- 
strast due to the leakage of light from the gaps be- 
tween the subpixels, and slowing the speed of re- 
sponse because of deformed liquid crystal molecular 
orientation caused by an electric field, spread in a 

25 horizontal direction at the edges of subpixel electro- 
des. 

In order to solve the above-noted third problems, 
U.S. Pat. No. 5,245,450 discloses a liquid crystal dis- 
play unit shown in Fig. 12 (second conventional ex- 
30 ample). A control capacitor electrode 126 below an in- 
sulating film 125 and on a bottom substrate 127 in the 
figure is made of a transparent conductive film, and 
is also formed at gaps between four subpixels 124. A 
common electrode 122 is formed on the interior sur- 
ds face of a top substrate 121 , and a liquid crystal layer 
123 is sandwiched between two substrates. The 
problem mentioned above is solved by activating liq- 
uid crystal layer 123 with voltage applied between 
control capacitor electrode 126 and control electrode 
40 1 22. However, compared with other conventional TFT 
liquid crystal display units, the unit is produced at a 
low rate since the transparent conductive film and in- 
sulating film 125 have to be additionally formed. 
Furthermore, a display unit disclosed in Publish- 
45 ed Unexamined (Laid-Open) Japanese Patent Appli- 
cation No. Hei 5-289108 (third conventional example) 
also solves the above-described third problem. Ac- 
cording to the plan view shown in Fig. 13, the gap be- 
tween subpixel electrodes 133 and 134 and the per- 
50 ipheral section of subpixels are covered with a control 
.apacitor electrode a shielding electrode made 
of chrome or the like. In the figure. 131 is a gate wir- 
ing, ana 132 is a source winng. In this conventional 
example, control capacitor electrode 136 can be 
55 formed at the same time when a chrome film is 
formed as a shielding section 136 for a TFT section, 
so that the manufacturing processes are simple. Con- 
trast is also at a preferable level since light does not 
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leak from the gap between subpixel electrodes 133 
and 134. However, the brightness of the display de- 
creases due to the complete shielding of light at the 
gap between subpixel electrodes 133 and 134. 

It is an object of the present invention to provide 5 
an improved liquid crystal display unit by a conven- 
tional manufacturing method that has superior grada- 
tion properties over a wide viewing angle, thus pre- 
venting an Increase in manufacturing cost 

In order to accomplish this object, the liquid crys- io 
tal display unit of the present invention includes a thin- 
film transistor of a reverse staggered structure, a 
plurality of subpixels in each pixel, and a control ca- 
pacitor coupled in series with a liquid crystal capacitor 
at one or more subpixels. The control capacitor con- 15 
sists of a conducting pattern, which is formed at the 
same time as a source and a drain electrodes consti- 
tuting the thin-film transistor, and subpixel electro- 
des. 

It is a feature of the present invention to provide 20 
a liquid crystal display unit having at least two subpix- 
els, so that superior multiple gradation display with 
tow voltage is achieved in a main viewing angle. 

In order to accomplish this object, the liquid crys- 
tal display unit includes liquid crystal sandwiched be- 25 
tween two substrates, pixels arranged on the sub- 
strate in a matrix, at least two subpixels constituting 
each pixel, and a means to apply different voltages to 
a liquid crystal layer of each subpixel. The ratio of dis- 
play area between the subpixels and the difference 30 
in driving voltage of the subpixels are controlled so as 
to provide a smooth curve describing or increasing a 
correlation between brightness and voltage of one 
pixel at an angle of 0-40** inclined from an axis per- 
pendicular to the substrates along the long axisof liq- 3S 
uid crystal molecules positioned in the middle layer of 
the liquid crystal. 

It is yet another feature of the present invention 
to provide a bright liquid crystal display unit that does 
not shield gaps between pixels, but rather improves 40 
display properties by preventing the decrease in con- 
trast caused by the leakage of light from subpixel 
gaps and the decline in speed of response due to the 
transitional disarray of liquid crystal orientation. 

In order to accomplish this object, 0° ^ <(> ^ 45** 45 
when <|> is an angle where the boundary of the subpix- 
els intersects with the long axis of liquid crystal mol- 
ecules in the middle of a liquid crystal layer that is de- 
termined by the directions of rubbing treatments on 
the top and bottom substrates. The gap between the so 
subpixels is two times as thick or less than the liquid 
crystal layer. 

The present invention will be described by refer- 
ring to the following illustrative examples and attach- 
ed figures. 55 

Fig. 1 (a) is a plan view of a liquid crystal display 
unit having a thin-film transistor (TFT) of a first em- 
bodiment of the present invention. 



Fig. 1 (b) is a cross-sectional view of the liquid 
crystal display unit of the first embodiment of the 
present invention. 

Fig. 1 (c) is an equivalentcircuitdiagramof the liq- 
uid crystal display unit of the first embodiment of the 
present invention. 

Fig. 2 is a plan view of a liquid crystal display unit 
having a TFT of a second embodiment of the present 
invention. 

Fig. 3 is a graph showing the correlation between 
the quantity of light and signaling voltage of a pixel of 
the first embodiment of the present invention when 
the pixel is observed from the front. 

Fig. 4 (a) is a graph showing the correlation be- 
tween the quantity of light and signaling voltage of the 
pixel of the first embodiment of the present invention 
when a viewpoint is inclined to the direction of a main 
viewing angle by 40'" . 

Fig. 4 (b) is a graph showing the correlation of Fig. 
4 (a), but on a smaller scale with regard to quantity of 
light. 

Fig. 5 (a) is a graph showing the correlation be- 
tween brightness and signaling voltage of the liquid 
crystal display unit of the first embodiment of the 
present invention when a viewpoint is inclined to the 
direction of a main viewing angle by 0-60** . 

Fig. 5 (b) is a graph showing the correlation be- 
tween brightness and signaling voltage of a liquid 
crystal display unit of a conventional example when 
a viewpoint is inclined to the direction of a main view- 
ing angle by 0-60° . 

Fig. 6 (a) illustrates rubbing directions on two 
transparent substrates of the liquid crystal display 
unit of the first embodiment of the present invention. 

Fig. 6 (b) illustrates the orientation of a liquid 
crystal molecule influenced by the rubbing directions 
shown in Fig. 6 (a). 

Fig. 6 (c) illustrates a boundary between the sub- 
pixels of the liquid crystal display unit of a third con- 
ventional example. 

Fig. 6 (d) illustrates a boundary between the sut>- 
pixels of the liquid crystal display unit of the first em- 
bodiment of the present invention. 

Fig. 7 is a graph illustrating the properties of light 
leakage between the subpixels of liquid crystal dis- 
play unit of the first embodiment of the present inven- 
tion. 

Fig. 8 (a) is a cross-sectional view taken on line 
b-b' of Fig. 1 (a), illustrating the movement of liquid 
crystal molecules in the middle layer of the liquid 
crystal between subpixels when the liquid crystal dis- 
play unit of the first embodiment of the present inven- 
tion shifts from white to black scale gradations. 

Fig. 8 (b) is a plan view taken on line b-b' of Fig. 
1 (a), illustrating the movement of liquid crystal nx)!- 
ecules in the middle layer of the liquid crystal between 
subpixels when the liquid crystal display unit of the 
first embodiment of the present invention shifts from 
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white to black scale gradations. 

Fig. 9 (a) is a cross-sectional view taken on line 
c-c' of Fig. 13, illustrating the movement of liquid 
crystal molecules in the middle layer of the liquid crys- 
tal between subpixels when the liquid crystal display 
unit of the conventional example shifts from white to 
black scale gradations. 

Fig. 9 (b) is a plan view taken on line c-c' of Fig. 
13, illustrating the movement of liquid crystal mole- 
cules in the middle layer of the liquid crystal between 
subpixels when the liquid crystal display unit of the 
conventional example shifts from white to black scale 
gradations. 

Fig. 10 is a plan view of a conventional TFT liquid 
crystal display unit. 

Fig. 11 (a) is an equivalent circuit diagram of the 
liquid crystal display unit of a first conventional exam- 
ple. 

Fig. 1 1 (b) is a cross-seciionai view of the iiquid 
crystal display unit of the first conventional example. 

Fig. 12 is a perspective view of the liquid crystal 
display unit of a second conventional example. 

Fig. 13 is a plan view of the liquid crystal display 
unit of the third conventional example. 

Fig. 14 (a) illustrates a viewpoint when the view- 
ing angle properties of the liquid crystal display unit 
of the present invention are measured. 

Fig. 14 (b) is a plan view of two transparent sub- 
strates, illustrating the directions of orienting the sub- 
strates of the present invention. 

Example 1 

Fig. 1 (a) is a plan view of a TFT liquid crystal dis- 
play unit of the present invention. Fig. 1 (b) is a cross- 
sectional view taken on line a-a' of Fig. 1 (a). Fig. 1 
(c) is an equivalent circuit diagram of one pixel of the 
liquid crystal display unit The method of manufactur- 
ing a TFT array substrate includes the following 
steps. Forming transparent electrodes 2a and 2b on 
a transparent glass substrate la for driving the liquid 
crystal of subpixels 21a and 21b. Forming a silicon 
oxide film 3 on the substrate and the electrodes as an 
insulating film. Forming a TFT gate electrode 4 made 
of metal such as chrome. Laminating a silicon nitride 
film 5 on the gate electrode as a TFT gate insulating 
film. Forming a semiconductor layer 6 comprising 
TFT on the gate insulating film. Making holes 7a and 
7b in silicon oxidefilm 3 and silicon nitride film 5, thus 
exposing a section of transparent electrode 2a. Form- 
source electrode 8a. a drain electrode 8b. anr 
a control capacitor electrode 8c at the same time by 
Lismg aluminunrVtitanium two-layer metal, thus cou- 
pling drain elect rode ob to transparent electrode 2a 
through hole 7a and control capacitor electrode 8c to 
transparent electrode 2a through hole 7b. Forming a 
control capacitor 23 between control capacitor elec- 
trode 8c and transparent electrode 2b. And. forming 



an additional capacitor 22 between the gate elec- 
trode and control capacitor electrode 8c. 

The resistance of the semiconductor layer 
changes due to voltage applied to gate electrode 4, 

5 and the layer has properties of a switch element. 24 
is a thin-film trnsistor (TFT). The TFT array substrate 
and another substrate lb formed with black matrices 
9 and a transparent electrode 10 are coated with 
alignment films and are provided with a rubbing treat- 

10 ment or the like. Then, these two substrates are com- 
bined with an about 5p.m gap in-between, and liquid 
crystal 11 is injected in the gap. Furthermore, two po- 
larization plates are arranged on the exterior surfaces 
of the two substrates so as to set the polarization axis 

15 of one plate at right angles to that of another plate. As 
a result, the liquid crystal display unit of the first enn- 
bodiment is manufactured. Referring to Fig. 1 (c), 
driving voltage (Vd) from the TFT is supplied to the liq- 
uid crystal layer, and voltage apptied to subpixei 21a 

20 is Vlc1 . Control capacitor 22 (Cc) is coupled in series 
with the liquid crystal capacitor of subpixei 21b be- 
tween the TFT drain electrodes and the transparent 
electrode. The driving voltage (Vd) supplied from the 
TFT is applied to control capacitor 22 and the liquid 

25 crystal capacitor (Clc2), and the voltage applied to the 
liquid crystal of subpixei 21 b is lower than that applied 
to the liquid crystal of subpixei 21a, as shown in the 
following formula: 

VIcI = Vd, 

30 Vlc2 = Vd X (Cc/(Clc2 + Cc)), thus 

Vlc2<VIc1. 

Fig. 10 is a plan view of a conventional TFT liquid 
crystal display unit in which pixels are not subdivided. 
No conductive material and insulating film are added 

35 to the liquid crystal display unit shown in Fig. 10 when 
manufacturing the display unit shown in Fig. 1 (a). 
Since the control capacitor is formed at the same time 
as the source and the drain electrodes, the display 
unit of the first embodiment can be manufactured by 

40 the conventional manufacturing method. Thus, a liq- 
uid crystal display unit having superior gradation dis- 
play over a wide viewing angle can be provided for 
only the same cost required for manufacturing the 
conventional display unit. 

45 Referring to Fig. 1 (b). control capacitor electrode 

8c is electrically connected to drain electrode 8b, thus 
reducing the area occupied by the electrodes consti- 
tuting the control capacitor compared with the area 
required for the electrodes of the conventional display 

50 unit (third conventional example) shown in Fig. 13. In 
'^is :orveTtional display unt the control capacitor 
consists of two capacitors couplea tn senes - a first 
subpixei electrode 133/control capacitor electrode 
135 and a control capacitor electiode 135/secoriu 

55 subpixei electrode 134. When the capacitance of the 
two capacitors is the same, each capacitor has to be 
twice as large as the capacitor applied to the display 
unit of the first embodiment in order to obtain the 
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same capacitance that obtained in the unit of the first 
embodiment. In addition, the area occupied by the 
control capacitor is four times more than the area re- 
quired for the capacitor in the display unit of the first 
embodiment since the capacitor in the conventional 
display unit employs two electrostatic capacitors. In 
the conventional display unit, the step of forming a 
hole in the insulating film so as to couple first subpixel 
electrode/drain electrode 133 to the control capacitor 
electrode is required, but is not needed in manufac- 
turing the display unit of the first embodiment. Since 
the control capacitor electrode of the conventional 
display unit is nrtade of a transparent conductive ma- 
terial, the transmissivity of light lowers, thus reducing 
the brightness of the display unit viewed from the 
front More specifically, when color 10.4-type 640 
(one pixel with three colors - R, G and B) x 480 pixels 
are used for a conventional liquid crystal display unit, 
the numerical aperture (ratio between the area of 
transmitted light per pixel and the entire area of the 
pixel) is about 50%. On the other hand, the area oc- 
cupied with the control capacitor is about 10% of the 
entire pixel area and the numerical aperture is 40%. 
when the above-mentioned pixels are applied to the 
display unit of the third conventional embodiment. In 
other words, the brightness of the display unit (third 
conventional example) from the front is less than the 
first conventional display unit (Fig. 10) by about 20%. 
However, in the display unit of the first embodiment 
of the present invention, the area occupied with the 
control capacitor is about 30% of the entire pixel area, 
and the numerical aperture is about 47%. Thus, the 
brightness from the front is lower than that of the first 
conventional display unit mentioned above only by 
about 6%, an extremely small reduction. 

Fig. 5 (b) is a graph illustrating the correlation be- 
tween brightness and signaling voltage observed 
from a main viewing angle. The main viewing angle is 
defined as the direction of a viewpoint 38 shifted to 
the right as shown in Fig. 14 (a), which is a cross- 
sectional view taken on line a-a' of Fig. 14 (b). Refer- 
ring to Fig. 14 (b), the liquid crystal is sandwiched be- 
tween two transparent glass suttstrates la and tb, 
and bottom substrate !a and top substrate 1 b are ori- 
ented in directions 30a and 30b respectively. In Fig. 
14 (a), the liquid crystal molecules 35 are upright be- 
cause of voltage applied to the section between the 
two substrates. In addition, the viewing angle (9) is 
defined as an angle inclined from an axis perpendic- 
ular to the substrates. Referring to Fig. 5 (b), in a con- 
ventional liquid crystal display unit, the gradation dis- 
play becomes poor as a viewpoint is shifted to the 
main viewing angle. This is because the additional 
peaks of brightness appear on a high voltage side 
(called gradation reversal). In gradation reversal, the 
brightness at a white scale gradation and at a black 
scale gradation reverses, presenting a seemingly 
negative picture image. 
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Fig. 3 is a graph illustrating the correlation be- 
tween the quantity of light and signaling voltage of a 
pixel when the liquid crystal display unit of the first 
embodiment is observed from the front. Control ca- 

5 pacitor Cc is controlled to set Cc;Clc2 (V50) equal to 
9:5. The capacitance of liquid crystal capacitor Clc2 
changes depending on voltage applied to the capac- 
itor and the direction of orienting the liquid crystal 
molecules. Clc2 (V50) is the capacitance when the 

10 quantity of light from the subpixel is 50% of the max- 
imum quantity of light. The maximum quantity of light 
is obtained when no voltage is applied. The liquid 
crystal molecules are arranged almost parallel to the 
substrates with the maximum quantity of light. Refer- 

15 ring to Fig. 3, when the slope of a line indicating the 
correlation between the quantity of light and signaling 
voltage of subpixel 1 is y and the difference in driving 
voltage between subpixel 1 and subpixel 2 is AV, the 
following formulas are obtained: 

20 y = I V10 - V90 I = 1.3V, 

AV = I V50' - V50 i = 1.0V, thus 
y - AV = 0.3V. 
In the formulas, V90, V50 and VI 0 are signaling 
voltages when the quantities of light of subpixel 1 are 

25 90%, 50% and 10% of the maximum quantity of light, 
respectively. Similarly, V50' signaling voltage is ob- 
tained when the quantity of light of subpixel 2 is 50% 
of the maximum quantity of light 

The ratio between display area 26a of subpixel 1 

30 and display area 26b of subpixel 2 shown in Fig. 1 (a) 
is 7:3. Thus, as shown in Figs. 4 (a) and (b), curves 
indicating the quantity of light and signaling voltage 
properties of a pixel, which is the combination of the 
properties of subpixels 1 and 2, are smooth. More- 

35 over, the quantity of light decreases smoothly as sig- 
naling voltage increases. The gradation reversal of 
the conventional display unit shown in Fig. 5 (b) is re- 
moved at any viewing angle when the display unit of 
the first embodiment is applied. (See Fig. 5 (a).) 

40 When y -AV is nnore than -0.2V and less than 0.8V 

and the ratio between the display area of subpixel 1 
and that of subpixel 2 is within the range of 8:2 to 6:2, 
a curve indicating the quantity of light and signaling 
voltage properties of a pixel is smooth. In addition, the 

45 quantity of light decreases smoothly as signaling vol- 
tage increases. 

Therefore, by controlling the ratio of display area 
and the difference in driving voltage between subpix- 
els, the gradation reversal observed from the main 

50 viewing angle is removed and good multiple gradation 
display properties are obtained even in a liquid crystal 
display unit having only two subpixels for each pixel. 

Fig. 6 (a) illustrates rubbing directions 31 on the 
bottom substrates la of the liquid crystal display unit 

55 of the first embodiment Fig. 6 (a) illustrates rubbing 
directions 32 on the top substrates 1b of the liquid 
crystal display unit of the first embodiment Fig. 6 (b) 
illustrates the long axis direction 33 of the liquid crys- 
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tal molecule 34 in the middle layer of the liquid crystal 
layer. Fig. 6 (c) illustrates a boundary between sub- 
pixels in the conventional liquid crystal display unit 
(third conventional example). Fig. 6 (d) illustrates a 
boundary between subpixels in the liquid crystal dis- 
play unit of the first embodiment. Fig. 9 (a) is a cross- 
sectional view taken on line c-c' of Fig. 13; Fig. 9 (b) 
is a plan view taken on line c-c' of Fig. 13. Figs. 9 (a) 
and (b) also illustrate the movement of liquid crystal 
molecules when display is shifted from the white 
scale to the black scale. Referring to Fig, 9 (a), (1) 
shows the liquid crystal molecules 35 in a steady state 
at the white scale; (4) illustrates the molecules in a 
steady state at the black scale; (2) and (3) show the 
molecules In transitional states from the white to the 
black scales. At the white scale (1), the liquid crystal 
molecules 35 are oriented with an angle of several de- 
grees relative to the substrates (tilt). When applied 



stand with larger tilts due to an electric field perpen- 
dicular to the substrates and between the common 
electrode 1 0 and each of subpixel electrodes 21a and 
21b. However, at the boundary between subpixel 
electrodes, the directions of electric field incline (in- 
dicated as slightly inclined dotted lines in (2)), thus in- 
fluencing the orientation of liquid crystal molecules 
above the boundary. In this example, the long axes 
of liquid crystal molecules are almost parallel to the 
directions of the electric field at the boundary, so that 
the molecules are likely to be influenced by the direc- 
tion of electric field. As a result, as shown in (2) and 
(3), some liquid crystal molecules are oriented differ- 
ently from other molecules and along the direction of 
electric field. The leakage of light 37a-37d are gener- 
ated at the boundary between liquid crystal mole- 
cules with different orientations (domain). As shown 
in (4), the orientation of some liquid crystal molecules 
becomes normal at the end due to the effect of other 
molecules which are already oriented regularly. How- 
ever, compared with a display unit in which pixels are 
not subdivided, this conventional display unit requires 
much time to shift from the white scale to the black 
scale. As a result, an after-image app>ears on the dis- 
played image. This problem can be solved when the 
boundary between subpixels is shielded with opaque 
patterns as shown in Fig. 13. However, due to the 
opaque patterns, the numerical aperture of pixels de- 
cline, and the brightness of display decreases. 

Fig. 8 (a) is a cross- sectional view taken on line 
b-b' of Fig. 1 (a); Fig. 8 (b) is a plan view taken on line 
' -h' of Fiq 1 (a ). The figures illustrate the movements 
cf liquid crystal molecules 35 in the middle layer of the 
liquid crystal layer when the white scale is shifted to 
the black scale. 1 0 is a common electrode. A.t the 
boundary between the subpixel electrodes 21a, 22b, 
the directions of the electric field 36 incline ^indicated 
as slightly inclined dotted lines in (2)), so that the ori- 
entation of liquic crystal molecules above the bound- 



ary is influenced. However, in this example, the long 
axes of liquid crystal molecules are perpendicular to 
the directions of the electric field, so that the mole- 
cules are rarely affected by the electric field. There- 

5 fore, the movement of molecules above the boundary 
is the same as that of the molecules above the elec- 
trodes, and no irregular orientation mentioned above 
is found in this example. In other words, it is not nec- 
essary to form a shielding pattern at the boundary of 

10 subpixels; thus, the numerical aperture of the pixel 
and the brightness of the display screen are main- 
tained. 

Referring to Fig. 1 (b), the gap between the sub- 
pixel electrodes (w) is twice as thick as the liquid crys- 
15 tal layer (d) or less. Voltage applied to the liquid layer 
of subpixel 2 is a divided voltage, which is applied to 
subpixel 1 as shown in Fig. 1 (c), and the subpixels 
have the same polarity. About 60% of signaling vol- 

20 tage of the liquid crystal is 6V and signaling voltage 
is 10V, voltage applied to subpixel 1 is 10V and that 
to subpixel 2 is 6V so as to obtain a preferable black 
scale. The potential difference between subpixel 
electrode 1 and subpixel electrode 2 is 4V at maxi- 

25 mum, and is much smaller than voltage generated be- 
tween subpixel electrode 1 and source electrode 8a, 
and between subpixel electrode 2 and source elec- 
trode 8a. The potential difference is also slightly 
smaller than the voltage applied between subpixel 

30 electrode 2 and common electrode 10. In other 
words, the generation of an electric field between the 
subpixels is weak. 

By changing the width of the gap between sub- 
pixel electrode 1 and subpixel electrode 2 (w) and the 

35 ratio of voltage applied to subpixel 2 relative to signal- 
ing voltage, the leakage of light from the gap and from 
the peripheral section of the subpixels was tested, 
thus obtaining the graph shown in Fig. 7. The gap 
width (w) is normalized by the thickness of liquid crys- 

40 tal layer (d). The capacitance of the liquid crystal 
changes, depending on applied voltage. The ratio of 
voltage mentioned above is obtained by applying the 
capacitance when signaling voltage is high and the 
liquid crystal is activated. When the ratio is in the 

45 range of 1 0% or less, signaling voltage required to op- 
erate subpixel 2 becomes too high, so that tests were 
not carried out in that range. Referring to Fig. 7, it is 
found that light is less likely to leak as the gap width 
(w) becomes small relative to the thickness of liquid 

50 crystal layer (d) and the ratio of voltage becomes 

^here are two reasons why tt is oreterable to have 
i narrower gap between the subpixel electrodes. 
First, the liquid crystal molecules above the gap move 
55 along with the discharge of electric field and the 
movement of liquid crystal molecules above the sub- 
pixels. When signaling voltage is high, the liquid crys- 
tal molecules above the gap and near the subpixels 
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move due to the first reason mentioned above, thus 
reducing brightness. However when the gap width is 
small, all the liquid crystal molecules above the gap 
respond to signaling voltage, thus providing superior 
black scale gradation. Secondly, the irregular orienta- 
tion of liquid crystal molecules is unlikely to occur 
when the gap is small, thus preventing the scatter and 
leakage of light. When the gap is small, it is believed 
that the spread of electric field is restricted even 
though the intensity of the field increases, thus reduc- 
ing the negative effect on liquid crystal molecules 
above the gap. The reason why leakage of light is un- 
likely to occur when the ratio of voltage applied to sub- 
pixel 2 relative to signaling voltage is high is that the 
potential difference between the subpixel electrodes 
becomes small. 

Referring to Fig. 7, leakage of light due to the ir- 
regular orientation of liquid crystal molecules or the 
like is not a problem in the region identified as "most 
preferable", and the black scale gradation is in ex- 
tremely good condition since the liquid crystal mole- 
cules above the gap move according to signaling vol- 
tage. Thus, a layer to shield the gap is not required. 
In the region identified as "preferable" shown in Fig. 
7, the gap does not become completely black under 
ordinary driving conditions and signaling voltage. 
However, leaked light due to irregular orientation or 
the like does not enter the subpixels, so that the dis- 
play is practical enough even without the shielding 
layer, as long as extremely high contrast is not re- 
quired. In the region identified as large leakage of 
light", leaked light enters the subpixels, so that display 
becomes poor with no shielding layer. 

When the gap width between the subpixels is set 
to be two times as large as the thickness of the liquid 
crystal layer or less, the display properties of the dis- 
play unit are "most preferable" or "preferable" with any 
ratio of voltage applied to subpixel 2 relative to signal- 
ing voltage. Even though it is preferable to set the vol- 
tage ratio at 40-80%, "most preferable" display prop- 
erties are likely to be obtained at almost any voltage 
ratio as long as the gap width is two times as thick as 
the liquid crystal layer or less. Taking manufacturing 
cost into consideration, the gap width between the 
subpixels is preferably 1.5 time as thick as the liquid 
crystal layer or less. 

In consideration of processing cost and the leak- 
age of light, a several to 10 jam-thick shielding layer 
should be laminated on each subpixel and the gap be- 
tween the subpixels. Thus, the thickness of the 
shielding layer becomes 20-30 \im. With no formation 
of the layer, light transmitted through the gap is util- 
ized at the white scale gradation, so that the bright- 
ness of the liquid crystal unit improves. In a 640 x 400 
dot liquid crystal display unit with a 26cm diagonal 
line, the pixel pitch is about 300 ^m. However, by ap- 
plying the display unit of the present invention, the 
brightness at the white scale gradation increases by 



about 10%. 
Example 2 

5 The second embodiment of the present invention 

is explained by referring to Fig. 2. In this example, a 
control capacitor electrode is made of a pattern 8b 
coupled to a drain electrode constituting a thin-f itm 
transistor. Other structures and effects of the display 

10 unit are the same as the ones of the display unit of the 
first embodiment of the present invention. 
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Claims 



1. A liquid crystal display unit comprising; 
two insulating substrates; 

a liquid crystal layer sandwiched between said 

two insulating substrates; 
20 a plurality of pixels arranged in a matrix; 

at least two subpixels in each pixel; 

a thin-film transistor of a reverse staggered 

structure for driving said subpixels; and 

a control capacitor coupled in series with a liquid 
25 crystal capacitor of each subpixel at one or more 

subpixels; 

wherein a pair of electrodes forming said control 
capacitor comprises a conducting pattern, which 
is formed at the same time as a source electrode 
30 and a drain electrode constituting said thin-film 

transistor, and a subpixel electrode. 

2. The liquid crystal display unit of daim 1 , wherein 
the conducting pattern is electrically coupled with 

35 the drain electrode. 

3. A liquid crystal display unit comprising: 
two insulating substrates; 

a liquid crystal layer sandwiched between said 

40 two insulating substrates; 

a plurality of pixels arranged in a matrix; 
at least two subpixels in each pixel; and 
means for applying voltage to a liquid crystal lay- 
er of each subpixel; 

45 wherein voltage applied to a liquid crystal layer of 

one subpixel is different from voltage applied to 
a liquid crystal layer of another subpixel; and 
wherein a ratio of display area between said sub- 
pixels and a difference in driving voltage of said 

50 subpixels are controlled so as to provide a 

smooth curve describing or increasing a correla- 
tion between quantity of light and signaling vol- 
tage for a pixel; said pbcel being observed at an 
angle of 0-40*' inclined from an axis perpendicular 

55 to said insulating substrates along a long axis of 

liquid crystal molecules positioned in a middle 
layer of said liquid crystal layer with no applica- 
tion of voltage. 
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4. The liquid crystal display unit of claim 3, wherein 
the pixel comprises two subpixels. 

5. The liquid crystal display unit of claim 4, wherein 
the two subpixels have different driving voltages; 
wherein a difference in driving voltages (AV) be- 
ing expressed as follows: 

- 0.2V <y - AV <0.8V; 
y = I V 10- V 90 I ; and 
AV = I V 50' - V 50 I ; 
where V1 0, V50 and V90 are signaling vol- 
tages so as to set quantities of light for one sub- 
pixel, which is driven applying high voltage, at 
90%, 50% and 10% relative to a maximum quan- 
tity of light, and V50' is a signaling voltage so as 
to set a quantity of I ight of another subpixel, which 
is driven applying low voltage, at 50% relative to 
a maximum quantity of light. 
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a means to control voltage applied to each sub- 
pixel; 

wherein voltage applied to one subpixel is differ- 
ent from voltage applied to another subpixel; and 
wherein a gap between said subpixels is two 
times as thick as said liquid crystal layer or less. 

10. The liquid crystal display unit of claim 9, wherein 
one of the two insulating substrates comprises a 
shielding layer on sections where the pixels are 
not formed. 

11. The liquid crystal display unit of claim 10, further 
comprising a thin-film transistor and a control ca- 
pacitor on one of the insulating substrates. 



The liquid crystal display unit of claim 5, wherein 20 
the two subpixels have from 8:2 to 6:4 ratios of 
display areas; said ratios of display areas being 
ratios of a display area of one of said subpixels 
relative to a display area of another subpixel. 

25 

A liquid crystal display unit comprising: 
two insulating substrates; 

a liquid crystal layer sandwiched between said 
two insulating substrates; 

a polarizing plate on an exterior surface of each 30 
insulating substrate so as to set a polarizing axis 
of one polarizing plate at right angles to a polar- 
izing axis of another polarizing plate; 
a plurality of pixels arranged in a matrix; 
at least two subpixels in each pixel; and 35 
means for controlling voltage applied to each 
subpixel; 

wherein voltage applied to one subpixel is differ- 
ent from voltage applied to another subpixel; and 
wherein 0° ^ 45° when (J> is an angle between 40 
a long axis of liquid crystal molecules in a middle 
layer of said liquid crystal layer and a boundary 
between said subpixels. 



8. The liquid crystal display unit of claim 7, further 
comprising a thin-film transistor and a control ca- 
pacitor on one of the insulating substrates. 



45 



A liquid crystal display unit comprising: 

two insulating substrates; so 

' que! crysta -aver s^^ndA-i^^^-^^rH -et .vpp^- 
two insulating substrates. 

polarizing plate on an exienor surface ot eact 
insulating substrate so as to set a polarizing axis 
of one insulating substrate at nght angles to a po- 55 
larizing axis of another insulating substrate; 
a plurality of pixels arranged in a matrix; 
at least two subpixels ir each pixel; and 
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FIG. 2 
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(57) A liquid crystal display unit including a plurality 
of subpixels (21a, 21b) in each pixel (21) provides su- 
perior gradation over a wide viewing angle, and is pro- 
duced with no increase in manufacturing cost and no 
deterioration of desired properties (such as reduction in 
brightness, contrast and response). No additional nnan- 
ufacturing step is required since a control capacitor elec- 
trode (8c) IS formed at the same time as source and 
dram electrodes {&a. 6b) constituting a thin-film transis- 
tor (24). By controlling the ratio of display area and the 
difference in applied voltage of the subpixels (21 a, 21 b) 
preferable viewing angle properties are obtained The 
display properties at the boundary of subpixels are im- 
proved by controlling the gap width and the direction of 
boundary of the subpixels (25). thus providing a bright 
display. 
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